Abstract. Dissolved organic carbon (DOC) loading from lands to rivers in response to rainfall events are the major carbon sources to aquatic ecosystem. We used high-resolution measurements to determine the runoff exports of DOC from the Chippewa River and watershed which was largely dominated by agricultural land-uses. It was found that DOC concentrations in spring were higher than in autumn and discharges in spring affected by snowmelt were larger and varied more widely than in autumn in this mixed watershed. We focused on the effect of antecedent 10-day rainfall on DOC variation and exports for the different magnitudes rainfall events. It showed that the antecedent precipitation (field moisture conditions) greatly determined the extent of DOC export. It was also shown that the DOC-Discharge distributions for storm-events were generally asymmetric, whereby they were positively skewed and it was greatly different between different seasons.
Introduction
The export of organic carbon in runoff has important environmental and ecological consequences for terrestrial, aquatic and atmospheric ecosystems [Gurbir et al., 2013; Butman and Raymond, 2011] . Dissolved organic carbon (DOC) is one of the largest carbon pools in aquatic systems [Carlson et al., 1994] . DOC is a starting point for the aquatic food chain [Findlay, 2010] , influences water quality [Kaplan et al., 2006] and protects against harmful UV radiation [Williamson and Zagarese, 1994] . The flux of DOC plays a significant role in global carbon cycling and regional budget of organic carbon entering the oceans [Butman and Raymond, 2011] .
Most of the DOC exported from catchments occurs during storm events [Dalzell et al., 2007; Inamdar et al., 2006; Joanna et al., 2007; Jeong et al., 2012] . Storm events that constituted only 10%-20% of the total study period contributed to >70% of DOC exports [Oeurng et al., 2011] . 86% of annual DOC is exported during rainfall events in forested watersheds in the Northeast [Raymond and Saiers, 2010] . Terrestrial organic carbon export is ultimately controlled by land use, topography and climate [Emma et al., 2013] . Croplands and forested lands together account for 40% of the Earth's land surface [Foley et al., 2005] In this study, our objective is to characterize DOC transported during different magnitude and intensity storm events from mixed land-uses in Northeast USA, and illustrates different responses in different seasons.
Materials and methods

Study Area
The watershed, Chippewa River, used in this study is located in Mount Pleasant, Central Michigan, US. Central Michigan has a temperate continental and humid climate. The long term average spring temperature in Mount Pleasant is 6.48 。 C and autumn temperature is 9.08 。 C. 
Event Sampling and DOC Analysis
Five storm events were analyzed for this watershed from the period of March 2013 to April 2015. During storm events, runoff samples were collected from the shore using an auto-sampler (ISCO 6712) approximately 100m from the USGS gauge station (Fig.1) . The samples were collected at 1 to 2 hour interval and discharge was recorded at 15-min interval by the gauge station. Samples were filtered using Whatman GF/F 0.7µm filters as soon as possible owing to the unstable nature of aquatic humic substances. When delays in analysis were unavoidable, the filtered samples were acidified with 2N HCL and then were kept in refrigerated at 4 。C. DOC concentrations were determined using a Shimadzu TOC-V-L analyzer. All of the sampling information was organized in Table 1 .
Results and discussion
Over two years of sample collection, DOC concentrations between different rainfall events ranged from 4.0 to 9.48mg L-1 ( Table 1 ). The concentration of DOC in streams can range from <1 to about 50mg L-1 [Mulholland, 2003] . The mixed-land-use we studied fell within this range, with most measurements < 9.48 mg L-1. Although the discharges varied from 5.7 to 37.38 m3 s-1, the average DOC concentrations were remarkably similar among all samples, varying by <3 mg L-1. For all of these samples (Table 1) , average DOC concentration in spring was higher than in autumn. For this mix-land, corn would be harvested from the fields in autumn, leaving stalk residues on the field. For the whole winter, the stalk residues and abundant deciduous were covered by snow and decomposed by microbes so that the allochthonous DOC entering rivers was abundant. For the storm on April 2, 2014 ( Fig. 2b) and November 11, 2014 (Fig. 2f) , we just sampled on the falling limb of the storm hydrographs and both of them presented that DOC closely varied with the discharge. There was 2.03mm 10-day antecedent rainfall and 0.508mm rainfall during sampling on April 2, 2014. And the concentration tiny fluctuated with discharge. Similarly, although there was 14.22mm 10-day antecedent rainfall and 3.30mm rainfall during sampling on November 11, 2014, DOC concentration with the discharge changed slightly. For the storm on October 2, 2014 (Fig. 2d) , it showed DOC peaked slightly after the peak of the discharge and DOC dilution as the storm reached its maximum intensity in the earlier storm. Some researches also got the same results (Inamdar et al. 2004 ; Pillippe et al. 2008;). But DOC concentrations increased and peaked again after temporary decreasing. For the storm on April 7, 2015 (Fig. 2c) , although it was also the meteoric water, the variation of DOC concentration showed the opposite result in the early storm when compared with the storm on October 2, 2014. DOC peaked slightly before the peak in discharge. DOC concentration closely increased with the rising discharge before it arrived at the peak. After that, DOC concentration dramatically decreased, however the discharge sustained growth for a while and then decreased. The storm on March 14, 2013 (Fig. 2a) showed the similar trend but it only went through a temporary decreasing and rapidly peaked again. Henry and others (2008) observed the relationship between DOC concentration and discharge was temporally dynamics and largely driven by changes in regional moisture conditions. For the hysteresis of DOC in October 2, 2014, there was only 2.54mm 10-day antecedent precipitation on September 29, 2014 and compared with the 40.89mm heavy storm we studied in October 2, 2014, the antecedent precipitation barely had effect on it. Thus, this hysteresis can be attributed to the large volume of meteoric water, and discharge clearly increased at a rate faster than DOC could be leached from the vegetation residues or soil. DOC concentrations decreased later in the storm. Several characteristics potentially contribute to this variation, it was associated with exhaustion of organic matter on the surface and DOC-poor water from deeper mineral soil on hillslope after the soil moisture deficits had been satisfied [Hood et al., 2006] .After the connection between the organic matter and soil moisture, DOC in deep ground water was easily flushed so that DOC concentration increased in a short time. However, there was 18.29mm constant rainfall for antecedent 10 days in April 7, 2015 . It accounted to 33% of the total rainfall during sampling. Chow and others (2006) reported that a significant of DOC was produced in the surface soil under constantly flooded hydrological conditions. And the snowmelt in spring made soil moisture levels increased, greater contact with surface soil horizons and hydrological connectivity would be developed so that DOC would be easily exported by storm events. Thus the intense precipitation we studied quickly flushed the near-stream source of DOC so that DOC concentration immediately peaked prior to the hydrograph peak. Similarly, for the sampling in March 14, 2013, there was 10.92mm 10-day antecedent precipitation and only 0.01mm rainfall during sampling. But the 10-day antecedent discharge presented an obvious runoff, which only can be explained by lots of snowmelt. And the rising of near-stream water tables easily flushed out old DOCrich water previously stores in the soil [Bishop et al., 2004; Laudon et al., 2004b] . Therefore, although there was light rain during sampling, the 10-day antecedent rain and snowmelt made soil saturated and increased hydrological connectivity of the landscape to the stream so that DOC concentration highly increased with discharges in the rising limb during the storm event.
a b c d e f Figure 2 . DOC concentration and discharge for the five storm events. The discharges extended forward for ten days. The discharge in figure 2e slightly fluctuated during sampling so that we zoomed in it in figure 2f.
Conclusion
This study catchment is covered mostly by agriculture and forest with minor proportion of wetland and urban areas and the snowmelt in spring is a major hydrological event in this region. Thus, the results can be assumed to be representative for mixed land-use dominated by agricultural parts of the northern region.
The average DOC concentrations in spring were higher than in autumn during all of the sampling events. Rainfall events due to climate change increased the export of terrigenous DOC. In Chippewa River watershed, the principal factor controlling DOC loading is stream discharge with seasonal effects.
In addition to the effects of flow and seasonal on DOC concentration and export, there was also the effect of antecedent precipitation or snowmelt leading to large discharges (field moisture conditions) that determining the extent of DOC export from this mixed land use dominated by agriculture.
The relationship between DOC concentration and discharge was temporally dynamics. Based on the simple relationship between them would lead to a significant deviation of DOC flux and carbon budget. Hence, we need to take more scientific methods to reverse the relationship between DOC concentration and discharge when DOC concentration is not comprehensive for the storm event.
